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To the Editor:
Combined immunodeficiency diseases (CID) are a heteroge-
neous group of disorders which all share profound T cell dys-
function. The presence of autologous T cells complicates diag-
nosis as these exhibit varying degrees of functionality, allowing
the patient to survive after the age of 2 years without immuno-
logic reconstitution [1]. Patients with CID suffer from recurrent
infections as well as a diverse array of clinical presentations
whichmay include lymphoproliferation, immune dysregulation,
malignancy, allergy, and organ-specific autoimmunity and/or
autoimmune cytopenia [2]. In 2012, serine-threonine protein
kinase 4 (STK4) gene deficiency was described by three inde-
pendent groups as causing autosomal recessive CID character-
ized by profound CD4 lymphopenia together with recurrent
bacterial and viral infections and mucocutaneous candidiasis
[3–5]. Immune dysregulation and autoimmune manifestation
were also noted. STK4 codes for the ubiquitously expressed
mammalian sterile 20-like kinase (MST1), a cytoplasmic pro-
tein which demonstrates both proapoptotic and antiapoptotic

functions and is known to promote Fas-mediated apoptosis
[3–5], as well as inhibiting autoimmunity through modulation
of Foxo1 and Foxo3 (Foxo1/3) stability [6].

Here we report a novel stopgain mutation in STK4 in a
patient presenting with CID and autoimmune features. In ad-
dition, there was an unexpected renal component in the form
of a salt-losing tubulopathy suggestive of an acquired
Gitelman syndrome, immune complex glomerulonephritis,
and Castleman’s-like disease, thereby expanding the pheno-
typic spectrum associated with loss of this protein.

The patient is a 15-year-old female. She was the only child
conceived by in vitro fertilization (IVF) pregnancy after
11 years of infertility, to consanguineous parents from Saudi
Arabia. Mother suffered from diabetes and systemic lupus
erythematosus (SLE) and the pregnancy reached full term.
After birth, the patient developed respiratory distress syn-
drome (RDS) requiring mechanical ventilation and intensive
care admission. An atrial septal defect (ASD) was detected
after birth which resolved with no surgical intervention. The
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child subsequently presented at the age of 4 years with a sud-
den onset of jaundice and found to have low hemoglobin, high
reticulocyte count, high bilirubin, and a positive Coombs test
(Table S1). She also had positive Donath-Landsteiner anti-
body and diagnosed to have cold autoimmune hemolytic ane-
mia (AHA). She was treated with 1 g/kg of intravenous im-
munoglobulin (IVIG) and methylprednisolone. The patient
went on to require multiple blood transfusions and underwent
four consecutive plasmapheresis sessions and azathioprine
with no improvements. Anti-CD20 (Rituximab) infusion
was tried but the patient did not tolerate and so was
discontinued. As therapeutic trial with vincristine infusions
was given for 4 weeks and her AHA was still refractory and
eventually after 5 months of presentation, she underwent sple-
nectomy which stabilized her hemoglobin. She was kept on
long-term penicillin V as prophylaxis.

During this admission at the age of 4 years and 5 months,
she was also found to have hypokalemia and hypomagnese-
mia, and the urine dipstick was negative for hematuria or
proteinuria (Table S2). Her hypokalemia and hypomagnese-
mia was attributed to a Gitelman syndrome-type renal
tubulopathy and was treated with potassium and magnesium
replacement. No genetic screening for any salt-losing
tubulopathies was performed at this stage.

Beginning at the age of 7 years old, she started developing
recurrent infections although she was off immunosuppressive
medications. This included one-time Klebsiella pneumoniae
sepsis, recurrent skin infections due to human papillomavirus,
and herpes zoster on two different occasions. She also had
recurrent supportive lymphadenitis (lymph node biopsy
showed negative EBV), urinary tract infections, cellulitis with
positive Staphylococcus aureus, and otitis media. As a result,
the patient underwent an immunology work-up (Table S1).
Her results showed leukocytosis with normal neutrophils
and lymphocytes but high eosinophils. She also had
hypergammaglobulinemia with normal antibodies titer to tet-
anus and pneumococcal and poor T cells response to mitogen.
The patient had normal oxidative burst assay by flow cytom-
etry. All were in a picture of immune dysregulation with Tcell
dysfunction. The patient responded well to prophylaxis anti-
biotic and anti-viral. The patient is also known to have bron-
chial asthma but no other atopic diseases.

She first developed low-grade proteinuria aged 6 which
progressively got worse. She subsequently developed dipstick
hematuria aged 12 which was monitored serially. At the age of
14, she was referred for evaluation to nephrologists as she had
developed renal dysfunction in conjunction with nephrotic
range proteinuria. Physical examination revealed generalized
lymphadenopathy which was found to be metabolically active
in positron emission tomography–computed tomography im-
aging scan. An autoimmune work-up was negative; this in-
cluded screening for anti-nuclear antibody, anti-neutrophil cy-
toplasmic antibodies, and anti-Sjogren’s syndrome A/B

antibodies; she also had normal complement levels and her
serology was negative for HIV and hepatitis B and C virus.
Renal biopsy showed moderate to marked mesangial matrix
expansion and hypercellularity associated with normal thick-
ness of capillary walls and focal endocapillary proliferation
with mesangial, subendothelial, intramembranous, and
subepithelial electron-dense deposits. In addition, immunoflu-
orescence revealed positive staining for IgA, IgM, C3, C1q,
and Kappa and Lambda light chains indicating a chronic im-
mune complex-mediated glomerulonephritis (Fig. 1a–d). She
also underwent axillary lymph node excision biopsy which
revealed morphological features that were suggestive of a
lymphoproliferative disorder with Castleman’s-like changes
(Fig. 1e); however, it was negative for malignancy and the
biopsy was also negative for EBV and HHV-8 virus, plus the
stains for acid-fast bacilli and fungal were all negative. In view
of a complication of immune complex nephritis and lympho-
proliferative disorder suggestive of Castleman’s disease, she
was treated with 4 doses of rituximab (Fig. 1f).

Following recruitment under an IRB-approved informed
consent, DNA from patient and parents was extracted from
whole blood and genome-wide genotyping was conducted
(refer to Supplementary Notes for Materials & Methods). A
list of the patient’s regions of homozygosity (ROH) is provid-
ed in Table S3 and is graphically shown in Fig. 1h. The sample
was then assessed using targeted next-generation sequencing,
an updated gene panel that is specific for coding and splice site
regions of 162 known PID genes [7]. After combing through
the data with our filtering pipeline (Fig. 1i), the only genic or
splice site variant that survived was a stopgain mutation in
STK4 (NM_006282.4:c.1024C>T:p.R342*) which segregat-
ed with the disease state (Fig. 1g).

To assess whether this mutation caused the STK4 transcript
to undergo nonsense-mediated RNA decay, we extracted
RNA from patient lymphoblastoid cells and performed real-
time RT-PCR. Data revealed a significant drop of > 60% in
STK4 expression levels in the patient versus healthy controls
(p = 0.0033, Fig. 1j).

To determine how the mutation was affecting protein ex-
pression and stability, we probed an immunoblot with an anti-
STK4/MST1 antibody. The data did not reveal any full-sized
STK4 protein in the patient’s lymphoblastoid cells (Fig. 1k)
nor was any truncated STK4 observed corresponding to the
calculated size of the mutant protein. In addition, levels of
FoxO3a, a transcriptional activator which is a direct down-
stream target of STK4, showed a drastic loss of expression
in patient cells in line with data observed for other STK4-
deficient patients [3] and which was significant versus a panel
of healthy controls (Fig. 1k).

Finally, to assess if our patient had an inherited form of
Gitelman syndrome caused by a mutation in an established
gene, we Sanger sequenced all exons and splice site regions
of SLC12A3, CLCNKA, and CLCNKB. Although the latter
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two are linked to Bartter syndrome, a recent publication
highlighted a Gitelman patient with a possible digenic inher-
itance of SLC12A3 and CLCNKB heterozygous mutations [8].
We therefore catalogued variants from all three genes in our
patient (see Table S4). None of the genes harbored any vari-
ants which could be clearly pointed to as pathogenic.

We report here the first STK4 patient from the Arabian
Peninsula, along with a novel stopgain mutation. The clinical
and immunological presentation for CID due to STK4 muta-
tion is variable and our patient had some of the common
features reported previously such as recurrent viral skin infec-
tion, autoimmune cytopenia, congenital heart diseases, and
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Fig. 1 A novel STK4 mutation in a CID patient with autoimmunity. a
Representative image of renal biopsy, which revealed eight glomeruli,
one revealed global sclerosis, and three revealed segmental sclerosis. b
Remaining glomeruli showed moderate to marked mesangial matrix
expansion and hypercellularity associated with normal thickness of
capillary walls and focal endocapillary proliferation. There was
moderate interstitial fibrosis and tubular atrophy (30% of the cortical
tissue), associated with moderate interstitial mononuclear inflammatory
cell infiltrate admixed with plasma cells and few eosinophils, associated
with foci of tubulitis. Immunofluorescence revealed positive staining for
IgA, IgM, C3, C1q, and Kappa and Lambda light chains. c and d
Ultrastructural examination demonstrated few scattered mesangial,
subendothelial, intramembranous, and subepithelial electron dense
deposits. The podocytes showed focal foot process effacement. e Left
axillary lymph node biopsy, with morphological features suggestive of
Castleman-like changes. fCreatinine and urine proteinuria over time (cre-
atinine in μmol/L and urine protein creatinine ratio in mg/mmol). Urine
protein creatinine ratio of 1 is equal to 1 g proteinuria over 24 h. Arrow
and boxed text indicate when rituximab was administered. g Sequence

chromatogram of the mutation and its segregation in the family, with
control sequence given for reference. h Circular representation of chro-
mosomes indicating regions of homozygosity (ROH) in the patient (dark
blue) and the parents (pink). The STK4 locus is indicated in the inset. i
Stacked Venn diagram illustrating the total number of variants observed
using targeted NGS, following inclusion of the indicated filters. j Real-
time RT-PCR data of STK4 expression levels in lymphoblastoid cells
from our patient versus combined readings from three unrelated normal
controls. Data were acquired through two independent experiments con-
ducted in triplicate. k Left panel: immunoblot reveals absence of detect-
able STK4/MST1 protein in patient lymphoblastoid cells (no bands were
detected at the calculated molecular weight of the truncated protein, data
not shown). FoxO3a, a downstream target of STK4, is also significantly
reduced in the patient. GAPDH serves as a loading control. Image is
representative of three independent immunoblots. Right panels: relative
quantification of STK4 and FoxO3a protein levels based on ImageJ anal-
ysis. Asterisks indicate significance levels (*p < 0.05, **p < 0.01; un-
paired Student’s t test). Error bars indicate SEMs
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hypergammaglobulinemia [3, 5]. However, she did not have
other features such as lymphopenia, intermittent neutropenia,
lymphoma, or EBV lymphoproliferative disorder [9]. She had
high eosinophilia but normal IgE and clinically, she had bron-
chial asthma and no other atopic diseases. Previously, Halacli
et al. reported two patients mimicking autosomal recessive
hyper IgE syndrome due to DOCK8 mutation [9], a finding
that has been echoed recently by Moran et al. [10].

Our patient also had two additional findings, the first was a
salt-losing tubulopathy associated with hypomagnesemia and
hypokalemia and a chronic immune complex-mediated ne-
phropathy with podocytopathy explaining the gradual loss of
kidney function. There have been reports of acquired
Gitelman syndrome patients with autoimmune diseases, such
as the development of antibodies to thiazide-sensitive NaCl
cotransporter (NCCT) resulting in tubular dysfunction present-
ing with hypokalemic metabolic alkalosis, hypomagnesemia,
and hypocalciuria [11]. The second renal finding was a progres-
sive proteinuric chronic kidney disease due to chronic immune
complex glomerulonephritis. In addition, the excision biopsy of
her lymph nodes revealed a morphology like Castleman’s dis-
ease, an uncommon lymphoproliferative disorder characterized
by enlarged hyperplastic lymph nodes [12]. This disease has
known variants associated with HIV infection and human her-
pesvirus (HHV)-8; however, in our case, the HHV-8 staining
was negative in the lymph node biopsy.

Hematopoietic stem cell transplant was considered but not
perused in this patient, as her recurrent infections were con-
trolled using prophylaxis antibiotic and anti-viral. Her complex
presentation, affecting multiple organ systems, required a multi-
disciplinary approach. The renal presentation is unique and has
not been previously reported, and we recommend that this now
be screened in other patients who have STK4 deficiency.
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